and 500 min) and temperature (20, 30, 40, 50, 60, 70, 87, 92 and 97°C) , respectively. Time to reach equilibrium texture level (t e ) of soaked chickpeas decreased from 941 to 82 min with increase of temperature from 20 to 97°C ultrasounds of 25 kHz 100 W and 25 kHz 300 W. In the food industry, chickpea is pre-processed (soaked and cooked) to produce humus, canned products and blended powder products. Ultrasonic treatments can be applied to soften and inturn decrease the cooking time of the chickpeas.
Introduction
In general, legumes are sources of complex carbohydrates, protein and dietary fiber, having significant amounts of vitamins and minerals, and high energetic value (Tharanathan and Mahadevamma 2003) . Carbohydrate contents vary, but often include long chain carbohydrates that are difficult to digest and lead to flatulence. Most grain legumes contain antinutrients or poisonous substances and need to be thoroughly cooked before eating. Grain legumes are considered to be good for health due to their mutual compatibility for their properties in disease prevention, including cardiovascular diseases, diabetes, obesity and, possibly, colon cancer (Bhathena and Velasquez 2002) . Different domestic processing methods (decortication, soaking, sprouting, fermentation, boiling, roasting, parching, frying, steaming) remove anti-nutritional factors and increase the protein digestibility of chickpea seed (Attia et al. 1994) . Legumes are usually cooked before being used in the human diet to improve the protein quality by destruction or inactivation of the heat labile anti-nutritional factors (Wang et al. 1997) . Recently, there has been increasing demand for research to improve cooking of chickpeas in developed countries where chickpeas are mainly consumed to improve overall nutritional status by replacing animal foods with legumes (Guillon and Champ 1996) . The most common process of pre-soaking usually is not sufficient to decrease overall cooking time of chickpea. Soaking may also reduce the firmness of cooked legumes (Gandhi and Bourne 1991) . Water absorption causes the chickpea to become softer and uniform in texture (Abu-Ghannam 1998; Deshpande and Bal 2001) . Hardness of legumes is the most important factor and sometimes it is problem during processing. Hardness is related with some chemical compositions of legumes. Also, chemical fortifications that are used either texture or nutritional purposes. Storage of legumes at high temperatures and low humidity (≥25°C, RH≥65%) sometimes generates the hardshell condition. The level of water that hard to cook seeds imbibe is approximately the same as that of normal seeds, but the hard to cook legumes do not soften during cooking because the cotyledon cells do not separate. Hardshell legumes have a defective seed coat and fail to soften during cooking because they do not imbibe sufficient water (Hussain et al. 1989; Liu et al. 1992; Reyes-Moreno and Paredes-Lopez 1993) .
Ultrasound is a form of energy generated by sound waves of frequencies that are too high to be detected by human ear, i.e. above 16 kHz (Jayasooriya et al. 2004; Knorr et al. 2004) . Ultrasound has been used physically or chemically in many aspects of food processing and preservation, for example pasteurization, sterilization, generation of emulsions, disruption of cells, promotion of chemical reactions, inhibition of enzymes, tenderizing meat and modification of crystallization (Chemat and Hoarau 2004; Mason et al. 1996) .
It has been shown that for legumes, a soaking operation prior to cooking is necessary to eliminate the toxic factors contained in the raw seed and to decrease the cooking time. However, the only pre-soaking may not be enough for decreasing cooking time of legumes. Ultrasonic waves can cause a rapid series of alternative compressions and expansions, in a similar way to a sponge when it is squeezed and released repeatedly. In addition, ultrasound produces cavitations which may be helpful to moisture uptake strongly. But, in literatures there are no researches for ultrasonic application of legumes to decrease the soaking time of chickpea. So, the objective of this study is to search the effects of ultrasound treatments combination with temperature to soften the chickpea during soaking operation.
Materials and methods
Raw materials Special pure culture and homogeneous in physical and chemical properties of chickpea samples (Cider arietinum L.) was used in experiments. It was Certified chickpea, Inci-2003, was obtained from Çukurova Agricultural Research Institute (Adana, Turkey). After removing foreign materials and damaged seeds, it was sieved using screens with opening of 7.50 and 9 mm in order to standardize the sizes. The average diameter was found to be 8.00 (±0.27) mm using digital micrometer.
Soaking operation Soaking of chickpea was performed at 20, 30, 40, 50, 60, 70, 87, 92 and 97°C without , 4 mm, 0.04903 N (5 kg) and 25°C, respectively. The texture values (F max ) of chickpeas at each temperature (20-97°C) related to soaking times were used for texture modeling.
Modeling of chickpea hardness as a function of soaking time For symmetry and simplicity, the following primary model (Chemat and Hoarau 2004; Gowen et al. 2007; Cunningham et al. 2008 ) was applied to the data to describe the decrease of chickpea hardness over time:
where, F, F o, F e and k F are forces at any time (t, in sec), initial and equilibrium, the rate constant of chickpea softening in s −1 , respectively. The experimental chickpea texture data at each soaking temperature was fitted by non-linear regression to Eq. 1. Time to reach equilibrium texture level (t e ) values of chickpeas were also calculated from the Model Eq. 1.
Modeling of chickpea hardness as a function of soaking time and temperature The rate constant (k F ) can be correlated with temperature using the Arrhenius equation (Nourian et al. 2003) .
where E a-F is the activation energy (kJ mol −1 ); R is the universal gas constant (8.314 kJ mol
); T is the absolute temperature (K), and k Fo is the pre-exponential Arrhenius factor (s
−1
). The regression analysis was performed on the Eq. 2 for a temperature <60°C and >60°C. From the regression of this equation, the activation energy (E a ) and break temperature was predicted. k F values obtained from Eq. 2 were inserted into Eq. 1 to obtain an equation of F as a function of F e , F o , T and t.
Statistical analysis Calculated parameters for modeling and plots were compared using SIGMAPLOT 10 (Jandel Scientific, San Francisco, USA) and Excel 2003 (Microsoft, USA). ANOVA, multiple range analysis (Duncan tests) (SPSS version 16, SPSS Inc., USA) at P<0.05 was performed to predict optimum process conditions such as time, temperature and ultrasound power. The goodness of fit of the equations was evaluated on the basis of the percentage root-mean-square (RMSE (%), R 2 and Residual plots.
where n is the number of experimental points; M exp is the experimental texture value (F max , N), and M pre is the 
Results and discussion
Change in texture of chickpea during soaking Texture is a quality attribute that is closely related to the structural and mechanical properties of a food. Force/deformation methods are widely used for objective measurement of the textural properties of solid foods (Kilcast 2004) . Many earlier researchers employed instrumental texture measurement (also known as the hardness) to quantify product quality. Hardness is often defined as the peak force corresponding to the first compression of the sample (Sila et al. 2005) . Curves of chickpea hardness (F max ) versus time, over the set of soak temperatures (20, 30, 40, 50, 60, 70, 87, 92 and 97°C) and ultrasounds (25 kHz 100 and 300 W) studied, were illustrated in Figs. 1, 2, 3 and 4. Summary of multiple range analysis (Duncan tests) on average F max (N) of soaked chickpeas at different temperatures, times and ultrasounds were also given in Tables 1, 2, and 3.
As the soaking temperature increased time needed for water to reach the center of chickpea decreased from 500 min at 20°C to 200 min at 97°C soaking (Fig. 1) . Chickpea hardness decreased from an initial dry value (F o-exp , 67.7 N) towards an average predicted equilibrium value 2.1±0.43 N for all temperatures (20, 30, 40, 50, 60, 70, 87, 92 and 97°C) after a certain amount of soaking time. Increasing soaking time significantly (P<0.05) decreased F max values (Tables 1, 2 and 3) . Also, increase in soaking temperature and ultrasound application decreased F max values. The texture graphs show two phases, a rapid softening phase, which may be associated with the high rate of water absorption followed by a saturation phase where texture degradation rate slows down until an equilibrium texture property is achieved. As soaking proceeds, water was absorbed, resulting in a more uniform texture, and intra-bean variability consequently decreased.
Modeling of chickpea hardness as a function of soaking time In the powder and granular food materials, researchers have paid attention on granular compression stress (Peleg 1977) . Chickpea hardness decreased towards an asymptotic equilibrium state during soaking, and the general shape of the textural degradation curves (Figs. 1, 2, 3 and 4) resembled the inverse shape of the water absorption curves. Furthermore, Chemat and Hoarau (2004) ; Gowen et al. (2007) ; Cunningham et al. (2008) showed that the change in hardness of foods during processing such as soaking has been followed as an asymptotic first order model. With the aim of building a general model to describe chickpea hardness as a function of time, the estimated model parameters (F o , F e and k F ) were investigated (Table 4) . Fitted curves for different soaking temperatures (20, 30, 40, 50, 60, 70, 87, 92 and 97°C) were illustrated in Fig. 1 . The goodness of fits was predicted by root mean square error (RMSE %) which was changed from 2.86 to 24.83 and R 2 (0.9914-0.9999) for a temperature range of 20-97°C without and with ultrasound treatments. The residual plots (fitted texture values versus residuals) for the general model regressed on the data are displayed in Fig. 5 and the residual points seem to be randomly distributed, with most residuals lying within two standard deviations, indicating good model fit. The predicted values for both the initial hardness, F o , and the equilibrium hardness, F e. were changed from 64.83 to 67.71 N and from 1.61 to 2.73 N for chickpeas over the range of 20-97°C temperatures studied, respectively. The experimental F max (Table 4 and Fig. 1 ).
Softening time of chickpea decreased as the soaking temperature was increased due to increase in k F resulting more softening. Predicted time (t e ) values of chickpea taken to reach equilibrium texture level was decreased from 941 to 180 min when the soaking temperature was increased from 20 to 97°C. Increase in soaking temperature of chickpea from 20 to 60°C decreased in t e value from 941 to 260 min (681 min decrease). On the other hand, when the soaking temperature was increased from 60 to 97°C, t e value decreased from 260 to 180 min (80 min decrease). So, soaking temperatures below gelatinization affected texture more than that of above gelatinization temperature. The Asymptotic first order texture model was successfully fitted to correlate texture of chickpea with soaking time for a temperature range of 20-97°C without and with ultrasound treatments.
Modeling of chickpea hardness as a function of soaking time and temperature As the soaking temperature was increased, the shape of curves was changed (Fig. 1) . Arrhenius plots of the natural logarithm of the estimated value of k F versus 1/T for chickpeas (Eq. 2) were shown in Fig. 6 . The slope of curve is related to the activation energy, E a , for the process of chickpea softening. For chickpeas, a break in the Arrhenius curve was apparent, after which the slope or activation energy changed. In order to find where the break occurred, the natural log of k F was fitted to a linear model with break point (Muggeo x-z Indicate statistical differences between each column (different US powers) at constant temperature and a-i Indicate statistical differences between each row, α=0,05
2003), and the break temperature (gelatinization temperature) was estimated to be 60±1°C (R 2 ≥0.9938). This is in agreement with the break temperature estimated (61±0.75) from the water absorption model in the study of Yildirim et al. (2011) , and other literature results (Sayar et al. 2001; Gowen et al. 2007 ). The regression analysis was performed and the Eq. 4 (R 2 = 0.9963) and 5 (R 2 = 0.9938) were predicted for temperatures range of 20-60°C and 60-97°C, respectively.
From the regression of these equations, the activation energies (E a ) of soaked chickpeas for 20-60 and 60-97°C temperature ranges were calculated as 26.49 and 9.73 kJ/mol, respectively. These values were comperable to the results reported by Gowen et al. (2007) for the texture kinetics of chickpeas during soaking in the temperature range of 25-60°C (46 kJ mol −1 ) and Cunningham et al. (2008) for the thermal degradation of potatoes soaked in water in the temperature range 20-80°C (41.12 kJ mol −1 ). The lower activation energy for the rate of water transfer above the gelatinization temperature implies that water travels faster in gelatinized chickpea than in ungelatinized chickpea. Incorporating the temperature break at 60°C for the texture model, time and temperature dependence of texture (F) value for soaked chickpeas, and dependence of initial (F o ) and equilibrium (F e ) texture values, the following general models were derived to describe the texture kinetics of chickpeas:
For 20-60°C temperature range;
and for 60-97°C temperature range;
Equations 6 and 7 can be used to find the texture of chickpea during soaking at any time (seconds) and temperature (K) providing that F o and F e are known. (Table 4 ). The benefit of ultrasounds is evident from Table 4 and Figs. 2, 3 and 4. For example, when 25 kHz 100 W ultrasound was applied to chickpea at 20°C, the equilibrium texture time (t e ) value was 836 min, compared to 941 min for without ultrasound. This represents 105 min benefit for 25 kHz 100 W ultrasound application to chickpea soaking. At the same temperature (20°C), when 25 kHz 300 W ultrasound was applied for soaking of chickpea, time to reach equilibrium texture level (t e ) value decreased from 941 to 670 min which represents 271 min benefit during soaking. Time to reach equilibrium texture level (t e ) of chickpea also decreased for other temperatures when ultrasound applied during soaking. 25 kHz 100 W and 25 kHz 300 W ultrasound applied chickpea during soaking at 30°C represented 187 and 296 min benefits, respectively. t e value at 87, 92 and 97°C without ultrasound was found as 202, 191 and 180 min, respectively. Equilibrium texture time (t e ) value for 25 kHz 100 W applied chickpea during soaking at 87, 92 and 97°C decreased from 202 to 105 min, 191 to 90 min and 180 to 82 min. As a result, application of ultrasounds increased in k F values and decreased in F max and t e values. The effect of ultrasound at low temperatures was higher than that of high temperatures. Furthermore, high power ultrasound such as 300 W affected texture more than low power (100 W) ultrasound.
Conclusion
Texture (F max ) of chickpea increased (P<0.05) during soaking. Soaking time, temperature, ultrasound treatments (25 kHz 100 W and 25 kHz 300 W) and power of ultrasounds (100-300 W) had significant effect (P<0.05) on texture (F max ) of chickpea. An Asymptotic first order texture model was successfully fitted to correlate texture of chickpea with soaking time and temperature. Texture model for a temperature range of 20-97°C and 25 kHz 100 W, 25 kHz 300 W ultrasound applications. Average gelatinization temperature of chickpea from the texture models was found to be 60±1°C during soaking of chickpea. Time to reach equilibrium texture level (t e ) of soaked chickpeas decreased from 941 to 82 min when temperature increased from 20 to 97°C without and with ultrasounds (25 kHz 100 W and 25 kHz 300 W). Ultrasounds decreased soaking and cooking times of chickpea, however, complete and detailed energy analysis should be performed to see if the process lowers the energy requirement.
